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(57) A CDMA coinmunicfliion ftyBienn is di?ci05od ol- 
tcrtrtfl ft near conitnuLun ol tialh rr-iics up (o m m;«imum 
rale. Tho disclosed CDMA conmnjniCrilion syijlem rh- 
CTOases Iho ttetw rate vanMbillty. without di^luibiiuj the t^r- 
ihogon^ility bOlwoon Ui-er;;. An incrcasod nunibur cUUri 
rates is obti^inod by itri'io rnulUplcxincj ihts dJsVj rrjicrs 
3chiovablo with coiwchtionyt CDMA syslom:; lo provide 
Bddillonat ct^la rnlos lor v/arioiJfi muliimodi^i Sippllcalions. 
W R u30f (ft ^i&si^n&d ?^ r>poOlf»c orthocionai code soqwonco. 
Guch a* « Walsh soquonco, wttioh pc-nri-'c ;-i maximum 
datri r^te. wrlh convcnlKjnfal syslcms. !h9 usaf CMh 
ob-lQin addUional desired dfilrj r;4l«i; up ic ihc maximum 
ralo nR. by tlmo muMiplDXinqihnr*pm-:ifif:o»ihfV7orv*lcrrio 
jtf^l DftRirod bh £iro achicviiblO lor ;ippl(C'-iiion?; r^i- 
quirinc} bil raiofi l^wi J^rc not an inio^or mulllple ol *.hc m\ou 
pfovicied by conventronrti tochntquos. A lu-vinmonial raio 
ol R or 'lai pipe* I'Blft-^ po\vers-o(-lwo muUipins ol tho 
(unci-imenlHl rrjlo CRO bo ^v'il tifjvpc) in ^ ooiivenlioa'^ I man- 



ner. A dcGircd rnic up io ihe iraximiim "la I pip6" raits ic 
?ichic!vea hy lime muniploxing ihc? o^dcs lo act^icvc 
rhics boiwofm R wnd f^, where Jfjnc»luv tho I its t nth 
or Itio sprDrtd fipcclnirn f50Cif;» Tl tifit^i-.millei of Ihe 
present invention achicvcfi. ft f.^ie cDnvorsiort n%AlCli 
tViQ ^\fyprQpT\H\e codeword to Iho Hpprsprwlo d,iia ralo. by 
employ (tig bulfcfirv:^ m6 r co 'ockin q cl Ihe dala. wtlh llrro 
muUiplcxtng of the odhocjonal Wfjlr^h oodas corrospond- 
inQto tho eiv<iital.»Iv lower and uppOi (dlCC. Iho fialo con- 
vorcton mu^t b& uynchiont^ctd with Iho ooloction ol tho 
orlhocionjsl Wnl9h code (co( io-ipond;ng vo Ui9 bw^r and 
uppoi rAi !>.«;) 
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EP 0 ©39 Soe A2 

DC7££xripti£>n 

Field of the I overt Hon 

[0001 J Tho proccnl nvcniion (ciriics locolluiMr Mndoihcr comrnuni5hiUC<n «ysiem^. and -'tio(c panicuiarty. lomcviodt; 
at^d apparsius lor achiovtng acicJihonal ohxh riiVoi in coinmunicaiion sye-tom& uillizinc! code divison muttipic access 

(CDMA). 

Bagkqrourd ol the jnvenlion 



[OO02] ^Vlien muliipio users 5h«ro ftin-^nsmiss ion modium somolormot nnuUipIexing i* roquirc-d to provide p.ep;^r»bie 
O^ot SUD-rhHonPte. Thorp Mr© mutiny mulUptcx.nq lochmqi.cs. «v<filc^blc which KtmuUHr»«nu:^.ly hnn-mH inJofrtVilion nip- 
n?*k wilhim Ihft r^vr:iiUt)li?. bandwidlh. whi)c cliii rnMinlSinmfl ma qu3lily ^nnci inioiiigibilily ih?n ;?rft required lor » ^iven 
appr(c:%1io.n. Codo division rnultipio ?*cf:ftf.s (CDMA) loohniques. lar ftx>^mplrt. uwrtomit nr.uUiplo inlr>rmiilion si9ny)s on 
IhQ same cnannol. ynd ditloronUalQ each user sub-channol by anoodinq W wilh a waiqdc tsprotidinv) ccxie. 
[0003J CodH division TTJullipie Hc-co^^i; (CDMA) k^chntquef. Hhive tie^^i' wnployt'd \n many dU)Ua( communr. 
cPiiioti ^.y^lons pfi.mii ri \ftrg<f r>urnbor o) 5>y>;iftin U> rrcmmunicniG wilh ono r,nolhor Currr nl CDMA notworks 
woiD designed \o cmry oiily voice imriic tjnd exhibit hnn»lcd d;.i;;:i rmo Vvirirjbiiity. CDMA nclworko. he wcvei. musl cvolvo 
lo cncompaoG a variety of multimedia appticallona, ocich hn»vincj potonlially di^lcrcr^l data ralc^j. Th\J!>. CDMA networks 
20 will bo roQUired to carry inlormation se-sx^ciaiocl with the various muUimedia applitatlons at vsiiiots data rates, corro- 
Bpondlnq to tho roquiremcnlr> of divorG© wii&lesrv corvicco domriiidod by cur.tomors 

r00O4l 'Mflny communication sytiems vUUrm^ eodo divisron mullipio Meccse. (ODM A) comply m\h fhe iS-Qb $1?^ocL:ircl, 
adopts hy thQ T«lc»,:ommiJtMcaik>i-i InrliisUy Assornmio.^ (TIA) iJndftr ihft 15-95 r,Uind::.rd, M conr.mun»c«lion syatom 
';ubtflHmwlfy eirininiiioi; co-channel inlericroncio und improves Iho bH une(qy-ic*-no(5>u dt?r\yity tSUo. Ej,/N„. on 
Urd link from a bfti^c. iilttlion ot cell site lo rt mobile receiver urMi by modiflating !ho tfMOirtviTic«i sigrtals with W^lsh 
onhoqon-Hl lunciion soquences. To produc;« corre?pondion onbopon^il Iniormftjio/^ signfiis. Ihost? CDMA systems fO- 
ciuirc th;3l the lorward llnK inloimalion isianttb bo irRnGmiilcd in a aynchtoni/od manner. A more detailed discussion ol 
The IS-9S standard ir. providod in ^Mobile SUlbn-B^isc Station CornpaUbHily Stcindcird tor Dual-Mod ? Wdeb-r^td Spread 
Spoctfum ColitJMr Syr>iom/ T©locommu^icatiot^ lixlustTy Asc^ccimlon Doc. No. tia/ei A/)5-95 (^95'3), tncorpor-'iiod by 

50 rcloronco herein. , . r.^^^ r*, lu 

{00051 Current implomcnlc^t tons ot the IS-95 slandard. however, rjllow on^ a limited number ol d-r^t^d r Alofv SpccrLCrflly. 
me Telecommunic:micri tnoustry Assoc.mron r^as reconiiy aaopted a new rAandard. IS-»6B. lor :ncre«sint^ the ama 
r?»l(ift Ih;^l may be hfthioved wtih CDMA notworkn The IS-9S5 Manriarri. howovor. only permiu^ dnia rfitos Ihwi flro 
rnteoof or powe^-oMwo mulupies ot the b«8te CDMA rale. While 5uch lochniques i^atisly the Ll;:.ia laio needc Ol rnnny 
appliLalioria, Uno uiiliiy ol CDMA nulwcrK,s ^%>uld b*? st^r^ifu^nMiy ttx\ynd.=«J if lurtl.or dcil9 tulO vKif.jibihly coulU 
achieved. 

Summary of tho lovt>nllon 

40 fOOOei Generally, r^ CDMA communicallon cydoiri ofloring a r>oar coniinvum ol data wios up tc .1 maximum Wto ir. 
disciocficJ Th.» tli«r.lo.?e<l CDMA oofT*r.onic alien ryeiem incroaGOS INJ nH.« mi« vs, wbiliiy. wiiho r dwiurbinp ihe or- 
(hoqon^liiy belwoon usors. An incr«asednumho. o1 daw rmes is obwiaod by llrr^e muUiplax'rig !ho d>i;a ralDS achiovablo 
with convoniionai CDMA cystoms lo provide adrJ.iior.al dm;, rajes lor v=df.ou4 mullimodia «ppl.C(.«ions. 

.5 Uquence. ..uch «a « W.,lr.h s^^c^uc^cft, which ,>«rmiH « r,<>rn,n;,l d«,« R, «nd hipi.^r d«i« .■f,n». nR. .ho usar ch^ 
obi lin addilion^jl desired d»la .ales by imo muti.iplcx.ng Iho specific orlhoflonal code scl. In Ihis manner, desired bl 

row^ °Vn amlkl^^^^^^ ortlccn d.mcn..jon Implomcr^lslion, H a opocihc code quadruple, such as ihe code quadruple 
E ,4w,, (k-0 1.23). is ?.5t.qr.c.d lo inlormalion soL-rce. any raW Cftn be ^chM,v«d, up .0 « rate ol 

1p SiL'r PR -IH i 16F^ c«n bo achieved by .:>ss.9nr-fl Ollw «ppropr«.. code .0 the .nlorm..hon .ourc« m 
Tconve^ icx^.. .u.nr,.,. Icco-ding .0 a tcH.u.o ot mc invention, any do.i:-.d .«,0 up lo4R i. achieved L>y,,rne -Ul.p ex,n« 
Sr«)fle<= ^ tv «rtc< The symbol, w^". dsnoias t(,e fi. «l rth olihe sprend spacuun. code (-.cnce. - .-^2 denote--. 

Kr^'-nie^anrmitier ofthe p.esonl invonlion ttchioves d .ale conv«.6io.i to matcli the appropriate codGv.o,c! 10 th9 
cppropriato data rale, by emptoylng buflorins and radOCKing ol the data, with ttnc muHiplcxino of irm otihogona Walsh 
codes torrespondinq lo Iho availaolc lower and upper tMoz. The r.Mlc convcr-ion muf.l be r.ynchfon.^ed with iho se- 
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tacltonoi l^o orlhogonpil Waliihcodc (ccjncriportcJiriQ loihe lower Mnd upper rarof^^). For example an applic^tiUon fcquiMnjlj 
^ ti'Mx raiB bdilwoon 2n nnci ^R. sjich c^f 2.3R. would rijit^iJif e muiiipiexing ol ihc PR rinrJ -IR W.Til£iri codes {w,,^ dna w^,**) 
loijchicvc iho O^ei'eU Si.riR raie !i Iho ^ 3R application w.-iii- yiisic^nr.-rj (hn spHcJtic c;ocio quficsrupio (tv,. iv-, w/jr, w^:^). 
t\o sequence: w^-^ ift ijnli;'^*cJ 10 ciChKJiVC .i rf-Mc ol 2R anj ihs sequence uniiifpc.l lo ftonnevts m ;c*Io ol ^r^. wirh on 

^ appropriate bfilanco lo MChlcvc- «n ov*<r;^li rr-jic. and tho coctfir^i Vi*^^. tv^^iiro OKCludftd Irocn nr-if^ 

BricT Dcg&rloiton o f the Drawrngs 

[0010] 

10 

FIG 1 IS H block di.'^»Qr;:irn ol y convciHiorwil CDMA Irrinsmincf th^iT pi*ovid(^ft rj5»»0f r-u»Tittm^ (O" sup-channel a) oi 
aincjltt drtlfi fHio: 

FIG, 2 iG a UabiG of fin illuftlmltvc sot of on^ocfonat sprchid Epocirom cod98, \\\n>\i\}\\ wj^,. 

IS 

Fig. 3 Ig a block dtJ-igiFriin of t*. convoniJonnl CDMA uanamjlior tivji picividHs lt^di>l one mlcrrn^hon ci^nwl ?<) ^irt 
triTC-n'^r muliiplo ol the dnl« r«ie c;l f^lG l : 

FIG. 4 k> Ci block diiiqrarn of 0 COiivPiriliofjaf CDMA irarsmitLcr Thai DfOVidcc al IcntGl one intofrrj:iiion SfigT'tyt ill Iwo 
£*n Uttirs tho dnta rsitc of FIG- 1 : 

FIG 5 if. a block d(Mgr«m ol o convcniiona' CDMA URnsmdif^r ih^*i Ucinsmilf. al terjr.l one intonn-jTion ii^jr^aJ iat four 
limcG Ihe dMirt rwin ol FIG. V 

i»5 FIG. S 15 a block di^atvHm of ono sub-Channel ol a CDMA iransmil^oc Otf^rinp dhtlw ihIg vrin?-.bitily in ;»ocord*incc 

with 6rio ombodinncni of tho pro-^eni mvonlion; 

FlU. 7 15 « block d^'rifjram oiio embodimoni ol Uid r>tia convenor ot FIG fi: rind 

PIG 6 ifj o block diagram ol a cr3MA receiver oflcring d^Hw j;^ic^ v>3ri«tillily m accordance wilh one ombOCJirnont Of 
Iho prfir^eciJ Inveolion. 

Dglftllcd Oaacfiption 

^ [0011] The prouoril 'nxyr^Hilton tt;idl«t; lo H molhod rtnci apparsiui; lor modutfjlir^g h cot!tMiunica\)un siqn;:jl in a codo 
division nMjlu'plO «c.CQss (CDMA) env)iot\tii«m uiiing onhoijoncil spiOHd spccu urn codeti. A-^ diucuaycd (uilhtjr Uek-^w 
in conjunciTion with FIGS. 1 through 3. c-onvenlional CDMA Gpfcod ^pocirum modulation lechnrquc-Si wiih or\hppmc*t 
COO(M only permit datn rr»toRlhr-^i oro intc-por or powcr-oMwo mullipl^ft cA the chip r.-^tc The, pj'cc-ion: invcnLion improvcG 
on convcruionrti CDMA -spread spocirunri i^vo^julalion technique;^ by lim*^ muiliptexmr, Iho d:4t?i fptioo orj-jicvablo wilh 

-^D convcnltonal CDMA JsysiGiTis lo provrdo adda»on^iI data rates lor viartcos fnuilirfu^di/^ c»r>pltc;=ilioric-. In one preferred 
<!nibod(rr»enl. a continuum of dpita rfrio? aro provided. 

(0012] As previously indicdlcd. it is otifin dn^iratalo to ditteiCirUirii.ef y na'ntJtM ol (nlorm;ilion sicj-iFilft trnnftmiliod on 
iho 3«mQ c^^rriff I lf«quc^ncy wilh umquo onhocjonai cprood apCMiu urn code?- T»iic is lypic^illy accomplifthcd by onc:odir>r) 
each bit lo bo trancrriiu^^d u«inn a prod»»linod crKJoword. ot pattern. tonsiSvting o1 n 'ohipt;' or "r.i^^nal Blonn©ni6i • In 
US' MFind^rd ani ipodal oncorJinp. ihft pfRflf?linf:»d codeword nv^y ho \Mili;:od to (cprcscnt vMluri of binnnv "0- nnrt the invor&o 
of Iho prodolmed codoword mwy be uiili/Rd to rep»etont ;i value ol binary *^* 

10013] Anumtinrot orthofpnal Spread t:p eel rum oocieis. conr-istinqol a number o^ con(>ecLitlve pD^illvo and nogntrvo 
Sfcinat elements, sucf^ as Walsh codco. hcive been disccwcrod whlf;li h>^ive unique proporlios t^al optimise; Ihc deiociion 
ot the tranarrmlod inioinviJion. Under tho IS-95 standard tor CDMA noiworkS: tof ^ixamplO. clXtv four dirtcrcni vVnlSh 

iT-o codewojds. thjouqn iv^i, C7\cX\ c.of\%s%\\\\\^ of &ixiy fouc chip:^. puimit $4 diflcieni mlormMtion ptirfn. il? to be iranorriiucd 
on the Grime cnrriGf i/equt^icy. Since nutTibcr of ct»annc!o aro ioscivod Id ad»nintyl*wlion, su^h as the pilot, ftynrh 
and ptiging dvanncte, low- ihrmihe avaii^ibla sixty ioi/r channaic typically iruncimti usor tnlofmaiica 
[OOIA] lo The illuf-lralivo ombodlmcnl discuseod horoin. 5ii>noori ditfc^roni Walsh ccdoworcs, w^. throu^jh vv-^. vach 
conr-istinc ot r,ix(onn chips, pormllup to^ixtcren difler^ni mlowwlion c^ignals, {/^^throucih d,,,. lo bo iranamiiied on Ihe 

£5 same earner iroquoncy. Thus, as ihown m FIG t, in order lo IrrinGmit d5ita on The downlink portion ot ^ convont(Oi-ifil 
CDMA sysicm Irorti one or mofO IflfotmaHon sourc^js. Jucn as soufcos 1 01 '116- to a plurality ot end U&eis, liucn as 
end tjsfifi; a Iranr-rriftfcr 100 cncodos; each ol sreiGRn di^t;^ plrfttf^mfi. through r/,.v to t c trancri^iTtOd uifinq 

ona of swtQcn diflQiont WRlsh codowordc. tivovKih w,^. The iliusirKtJive W?jlRh coflf^worde. iv^ Ihrovqh h/.,^. aro 
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Shown in F)G. 2. The cncodod aigrujia will men be I'tunuined i=><ia moduliJiocJ m ,1 convonlioiial manner, prioi 10 liwns- 
mission over a imnc^miswion medium 1 30. 'n,s irensmiss.on mcdiur-n 1 30 m^y be enibocliQcl a& e> corvonlionHi w wii t- 
locf communicaiionr. nclwo.K. The rt.oriuiwior .-nny crnploy ;i modutaiioii loclwiciu©. tor cyamplc. wtucM rnuUipUss mo 
codeword by a 6inus;oi;t*ii cnrrifir wave in ordoi lo shiil lha iiflnai trequcncy upward lo ihc carnci I ietu> i""^y ("oi shown), 
in ihis rrwiMBr. Ihs orlginiit sign.'Jl soacu urn may be iranslaicd Imo 0 pwmcuifir Iroguency O^ncJ «itar«iod by iho Federal 
Corrimuniw-iiions Commission (FCC) O'' 0"OTlicr rpgulalory b03y 

rooi B] upon fet:oipl 01 in« naTOmitlcd signal by ihc .cccivor 1 00. mo IroqMfincy oi iho icco.veu signal 10 \y?icaiiy 
111 si ahilleJ Ut>w:. (not ihown) U> Iho b*,so band by a d<s.. iCKl>iU^lor Ihur. rolUinlng \m ;*iwnbi W o.i jiiv,! lovm prio. lo 
modulHtiori. Thoroaltcr. Ihc lecciivdtl SiqivH ia passed through a scnt^a ol lill«.5. sud i oa llllcri 131 --.70, (hat sr,5 o^ich 
matched lo Iho ct»&mc,te.r(siicf. of Ihc ^ppropnnlo c«J«worci. 1-0 <h.w9l' '^ts " i= "^'1^^ ^h^' ''j'^ 
asBocicilod with r.ll f.i«oon tM>d user-:. UM nuouph i^ie. i^S t;hav«n .n TIC. 1. More lypiccilly howcV£:f. e;»ch and 
such ao end user 1&1 , will have .|p. own ,ecciv(».- 1&3 r©.' n mo. o dc tailed diccw-sic-Hi 0 prior r>r1 CDMAcwnrriunKiat.or. 
-V'lorti Dcc U Patonl No 'i.B0-..:in7. incorporalod by rolOfcnce heroin. 

rooiel ' t-nr mo irs^ns^'-^iiiftr lOO shown in I-IG. 1. OMCh of Ihe inlwmcuior aourcor, 101 HC Iranemiif. *i a tinKofm rdlc, 
R .-.nri ;ho Rvmbol durwllon is oqual lo the Wyish wd« du.fi.lCHn Add.tior%.-,l dc^lii rale vMr.^biliiy c«r^ t.^ achieved w.lh.n 
Ihc implomoniaiion show,, ir, FIG. 1. by assiS^I-^S "i"Wple orthogonal spread p,f><»cin,im codes, such Welsh crxlc*, 
to Ihc ..nrno h.qt, .au. .f.Ir.rrT...iicv. £.c.urco, ov.ch as ihc r^i.irr.o if)i For oxrimplc. .0 orde, 10 Hch,^.^* iran.^.m,PG«n 
rate a<! 3R lor n singlo Murco 101 . throe Wolsh corioworrir, (.^,ub-chHnnels) »ti be flsalpnod 10 the inloimcvlion 
source 101 Thus. Ihc scl o( achievable data foy<}^ ^fo Intopcr muinples ol the symVioi friic, R Aa anovi^i in Flu 3. 
mullicodo source 101 will require arfdmor-al biiMfenna. lypiCfHy in Ihft lortn ol « scnal-lo-parallel C5nvonor 310 U is 
oetod thoi the iransrT^mcr 100' 8ho«n in FIR 3 can coiDbinc Mfvy ot tlHt* sixteen 9L.b-channci5 a..5«:.alod with ihe 
codewords. ^^Ihrooq.^i vv,^ ioinan,«o the dMlH lo. « .inqlo inforniation sourr.a 101 lo r.jix.=i...:m of 
fOOlT] A c.econd w«ll.k=iown mclhod lo. inc. essl.^fl ihc- transmission r;.lo m a codo dK/i* .on rr.t.ltip.« «r.ccss <ODMA) 
network, rc^mmonly role.ied to the "Jal pipo" mothod, Vu"Ctuce5- the eel ol iltc.f.irativ« W;.lr,h codes showrt m RG. 
2 AS disawfiod bolow. Ihc pip*' melhod achieves dola raloo that are power-oMwo mulUplo.-. o( iho chip ralo. 
wilhcut roqumng bulleiinc, Iho multiplo role use. In otho. words, tho jichiov.-.b.o d.il« rales «,e f^^^ ''f^- f J" ?[)^ 
1 6R ttoi lh« iliu$U«livc 1 6 dimenaional WaiSh COdCE shown in FIG ?) Sporjlic. code pa.is. si^fJ'. as the codo po.rv (tvo, 
.V,, or ( w„ w,), ^ro .s.lqnod to the double r«1o u-jcr.. .r«nsm,l,inp 1.I ,«le £R C».Ch double mie u.er. l^^vor wlH 
oTOodo data with only thctlrol hatlol one ol Iho sssignttd o.ir.o<,o.^al spread spoclrum codos. The sy.m^ol w.K deriolos 
,I.T^?. Slronho r?prLd specuun, code .v,«hown .n F ,G t hu.. «hown in FIG . 4. lor the oprc.d .pccirum cod. 
ofiir ( vv, w,) assigned 10 the intcmation f.ourco -11 0. v,',-- ir. utilised lo ciccdo dat«. (A 0 r.nto ol 2R. :,nc w,is CXOuded 
from u^.^ ay a^r,nf^rm..l.nn .ourccr. t. is noted lh«t -or each p.'.ir (viy w,..,), tv.,«-' = h.,-. and the .econd IV..I ot me 
spread .<^r>oc:«rum codo is the opposite polarity of Ihc spread spccu urn coac w^, . ^ ^ , 

T00181 Likewi^-.e BpWtliC code quadruplos, such as mc code quadruploo {wq-^^j. v^o- <" '*^f. 
Usipr Bd .0 ^=*.Jh pucidruplo r«le L.C,. irar,smiHin.c, hX B r«t. 4R. Thus. shown in HC. 5. lu. KK; ^rihogon^I sp.««d 
l^uu.r, cod. quadruple (w^n-,. w^w,,) ...signed ,0 .n in.orm...on .ouic« .MO. '^''''^^^ 
J, w„ «nd -'..t.ro excluded Irom use by all iMoi„..r.rion r,ourcos SimlWriy. lorlh. ..p.««d ;vp«c..um eoce P^^^ ^P'^ 
< w. v^. w, assloncO to cm inlormation source 520. w, is utiLzed 10 pnr.od« dMl« «nd .v= and w.jdrc 0«luded 
1.0m u^e b'y in.o...?,l«. source. T1,c eyn^bot, v.,- deno... th. .ir«t pu«rtcr o. Jho »pre.d ^^'^^ZTJC^Z 
in FIG 2. It lo noted thni for each coda q..ad...pte (w,, w^^ w,^. w^, .,.). w,,.,^- ^ w,,,, - - 
three quartorc Ol o«Ch r.pre«« .p«r-.,,u,T. coda t.,^= w,^. ^V-i. >^^« «'^""«' <" ^P-^^^"" ?f T "^r^^ ' h.c 
code 1 a .« f -Kihr^r neiod IhNt th. "lal ppc" method do^. I.OT require buttering ol Iho higher m.. m or.. Iho codos ^.e 



^^191 dino |r,;H lecture ot the p.o«..n. invention, additional d.^.«:^ r«"=^. "ro achieved while :Tv..ni«inmg the or 

S^iLlS rSlClu^c discu^Od SUOVO for r.onvnn1innr.l ccdo division cni.,l|.pl« Hec«K« (CDMA) :ron,mtllor»: In 
ccS-.^L Se,rt SmS, at..or i. ..s.,ignod H coociric ccd. ...I ,n th. m..,nnet dc^c.ibcd SbC.e «J..ch 

rermi^a mrxl.'Su.S^^t^^^^^ nH Iho U5cr c«n Obtain additional d«c,.r.d dni;, ,>.ios up lo the rtiaximurp rgio nl^ by 
;rm;tSr.ho Scl code .ct. orde, to .ch,.v« h non-mteaer r.lo with convant..na. ^V^^-^^^ 
Z^XZ. 01 2.3B. convcni^n... technique, v^wld r.qwuo -dummy' U.l. Z 
..■j.,v<:miiird Stream to brino Iho pitiserM^rJ raift up lo Iho next ntowlcst 'nvailablo "lat pipe r.jtc, .och a, 1 nu-. n 
JrorriScmrplc^^^ r.,0. .o. ^ppUcnons lh.t .-..vc 0 bit rote th». ic nci an .ntcocr r.„l..ple o, the 

rates provid.5d by ihe'iHlp.pcMect«,.quBCliscu..sed fa>ov«. ? ^i .s «s^,qned to an inionnaiion 

100201 For example. i1 «. spwiHc codo suiidrupic. (iv^,w,,^. w,,^. , ,,.) (K-0. 1 , .».. >s '"^''S"^; " , „ . . 
S 6t 0. «ny r..'e c.n bo .cbicved. up to a rate of ^R. wnlio the user c.n Hchieve a '"^^^^^^ ^ ' = °' 
,r*nn«r described ..bove in conjurKlict wllh FIG.- 1 by employing the cpro^d r.peclrurfl cod« Wp, « P-^^'J^^.^^^f" 
S mHitncr deacibcd above m con|uncl.on w,lh FiS. 4 by employing Ih.. «pre«d spectrum code wp*. or a p-pe 
ate Oi in tne manner described «i>ovr. m conjunchon wnh FIG. 5 by employi.^g the ^prood =po.ctrum code .n 
the prccnl invention ll<o ussr c;»n «ch,ovo docired ad* ticn-idl lowe. W by lin^e multiplexing the r.od«s wp ^nd 
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SO 



Wo*, lo ijchicvc rales tjciween B «na -in m oihei wwds. ihc user c»n adiiove any risia rale liinl !S ti rsnonai scale 

fOOan A'- fihown in FIO 6 ihe lf*.r.smrtici e>00 ol ihc ptocont invoiMion fichtoves a ram ronvcicion by employins 
buHonnq andrcr-loctcins o) inc dala. w.lh lirric mullipieKlng ol Ihc orthogonal Walsn ccrlfts coricsporidinc, toiho ovail^b o 

orrhogor,.! vLt^. code rcorro«p«nd.ng lo ihc lower aart oppm ra.cs). ho, ««..np.e. tnc '"y'^'-^'^^r^^^.^r^^" 
would requ..« muruf-loxmq o( ,ho 2R and 4fl WJ<..n cor... .o achieve «,e desi-eu 2.3P, r.a.o. I Iho 2-?" '^P'^ ; 

codi-5s> tvp, vVa H'f i arc cxciuded from u;^rt . l. 

1^22] -^hu*. wK«r. »ho iMCjh ra,o «,rvic« r..que..l«d, by .'hhc-r lh6 mobilo Icvmin... (ood '^"^) I'^.^t,..*.* 

(intormaiioo t 
Of deny 

Ti TcK "he ';w;r*,;;ir«ppc..'rm«:ThMc: Iho ^ync pro»«:ol m.y co„.i«t 01 ^' •■"'^^^'"^'^..^^tK'P^r'r 

(HiCcnng, ror cx'r.p.c, vh. n,oH.. u.r,r>ir,.n. . .cc,..c.r«:« r.un.l>«r (ir^dlcounn '^'^ ^'''^''''^^^^ 

uppor rit Iptttly (sir.. 2H. -1H o. 8B,. Thu«. Uorr^ .ho .ccuo„c:. number and ,ha uppo, rnlo. R,, rnob.c 
Lormir^a! knoWG which olhor sequences m-Jbl Vie whjdcjd. , , . ^ 

rooWl The ^umL;, O. .epeliUons. N, «r.ri N„. „ Iho nurr^bo, ol sytr^bC:. ,o .r,.r,sm,l .1 each «t Iho lower and uppOf 
rates, roopociiveiv Th« nurT^bof of rspoiiiions is dotisimineci by tho ioliow.n3 cciucii.or^ 




R 



JO 



whore Rr... le 'be rios.rod rwlo lo bo achieved and R is ihc tundamcnla! raia. Thur,, to .k:Movo « «^«*"«^^^ ^ f „ 
« 2 .nd a - 4 one .K<,iL„.on it. N, - 17 .:.nd Ny = S. Ono melhod lor aomrm.n,ng lh,s .^olui.on rscoc,n.zc= h.:, ...^ 
SinVo w.men a ibc imogor. 23 and 1<S. Wn„nf, Rh.,. .hi. r.i«=. .nd u.in« the n.ovc cquauon. lead., m 

f4 syslein ol litiOrir oquaiions: 



4N. 



i 4Ny - 23rt 



St) 



55 



whoro n ,s .n arbiu«^ .n.opcr Thccc oq..l.onr. o.n be .oh/ocJ ropo«.od.v lor /, - K 2. 3. .. • unlit . .ol.l-on i. lound 
docK 630 .n bunnr «nd rodrx:K .he d^.a - ««pr,ci...ly. ro..o.vo6 Ironr, a high «o..rr.fi 6 0 1 he .oovk ..^ 620 

ihrt Walsh cnrltt bv inc swiich iO( Ihc muHipttOf 650. ^^o^u/sr 
potq Pfa. B „lLl..to. one lmplcmon,.tion of O rccivor SCO .n acco-e.nc. wi.h .ho 

SOO .ncludcs a .nuUipllor 810, which oolcclivoly muR.pl.os Ihe . .c^..v«.d r>;.« by (he app.cpr^TO WnU, ^ cede. .x. .o.OClcci 
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by a cwilth S20 an imograio. dump. diXocl blockSOD loi doief tTtir\i<'u:! iho received bit polhinlicj,. rate convfirtAr f>-iO 
and a clock S50. Tnn rM convortoi &40 opor^^tes m m *^irniiar m^innor Ic* ihc raio converter 620. ci-scunftcd Mbove m 
conjunction wilh PiGS G and 7 The ff.'?le:.uiOT> oi Uift low r?iTo cr uppor ralo Walsh wavctorm Ihc muiuplior 810 is lied 
10 Ihc inlQgr;^ioi 6:VJ and ine tnpui ciwK oi me wIq convQtict B40. in me roccrvor BCX). ihc input ciocK ot the (ale 
convenor 8^0 rHSyirunetric whilO Iho ouipul clcx;k is t;ymmoiiiC, 

f.0027] 1! i5v ici ho unccrsiood ih^j; thcs ornbodimems and vadnoons r.hc?wn and dcscril^oci MtMi^ sro moroly iHu'^U«nvti 
oi IhG prindplor, ol ihis inveniion :^nc( Utiji s^wiious fnoa*tu:alioni. may bo tmplotn£5nu<J i?y incf.f: Pkiilnri in iho >in wahou\ 
dcpMtim^ Iroin ihti h;L:u(.ie hmU ypnii U'^w inviiniion 



Claims 

1 . A mcihod ol tranomillfn^cprccHCt Dpnr^irufni*ion;;4lf; in 'n connmunicanon oy&lom. i^iiod method comprioing the r^iepr or 

/5 ftncofiing ;^ ciftia siqna! w.lh a Hrsl wnd a second otthopun?^! lufiction aoqircnco io form H ^.p . o^d sicjn«l. whorom 

£;Ald hrm orlho^pnal luncion pioducoB ^ lir^jl sp.o^.d -olqnal ol a lir&l rale and ?-^irJ ^.<M•rr^nr! orthogonal luncLon 
prortucpf; x >;(JCon'.^ ^.p'^?^*^ Ji-h-jk^'I at Roconri r?»to: nnd 

combin.nft r^fitkj iiral and second spread signal to produce cx comOlnoCi Pproad stqnHl hnvin^i r» d?tl*i iwo between 
Gfjid lircl fand aoeond ratts. 

^ -P^^ rnnthod according lo clsirYi V wherein ^^aid con^iininn r^lop (urihcr comprises the clap c( converting mc raio 
ol E^id dMW Ji^iciniHl k> ^hicJ itfRt and sooond rales. 

2f Z, A iipr<iPi<\ spocirum cornmunicKlion [jyslLvn tor tr^nfimininp n ctatr; sicinal conpriting: 

an CfihO0«n.<l lunclion encoder Ih^^ii combines a data slgn^H wHh Ioh^jI h UfzA nnd M secr^cl onhogon^al 
lunciion 5cquor^co 10 foim a spicad slqnal. whofoin said tirsl orlhogonal lunclion (ModuOB:^ n llrai cpicad^it^al 
tal a r.rul raio and said ^0COl^0 ortl^ogc^al tunctlon producer, h second sprftrtd sic,n«l .-^1 second taiC and 

moans for combining .oaid llrM .^nd oocond spread £iqn>fit 10 pf Odwr^e h comoincd sprohd ^iqnal hnvhg n d.:ito 
rale bclwcon caid fr^l and sr:icon<i r^^iaft 

4. Tho UMnfjmtne. accordinq 10 Clfttn^ wherein said O.thOQon.^l lunciion encoder convc ns iho rnio of ftHid dniH ^.qnai 

5 The iranamiiior flocording lo clahn 4. whoroin ssid c.rthogof.?il tunalon encoder ^ciucie.s ;^ r*,le L-Oiiverlcr loi bull- 
oring and .oelock-m SC-id daUi eiQnfti fm<^ time muUiploxing enid orthoponHl lunrlifx, sor^^cn.;£x^^ corrcsponOmj to 
said first tin<l socond rales 

S Tho IransmlHOf according lo claim 3, Hi.lho. rtOrtipffeirtg mo«r,s lor UHnG^.H.t.fi wl1l> W.cl cornblnod sproad signal 
«n -ndicalion ni r-^.d Hrfi'. And Mco.>d orlhoisonf.l lur^clidn suauorwcs. iai'J firsi a>-.d aocood i mcG ..nd tho s.-ncini 
Ol dfliA tf^insiTiitlert «l iMch ol said tirsl nna second raios. 
■>s 7. A meihocl lor f«cfi^ring »p,«id spccuum oiffi^ais a. a iranait.isBion in n r.nmmur.l««iion .-.ysiom corT.p.Lsir,n 

lo produce a combined d.aitbl 6.gnal. wf,e.e.n ««^id tifsi onhogon«i 1unc».on sequence produce., u U.i dlgll.,! 
aigr^cl ai o -irGi r.ile ar^d «iid oocond orlhccysnsi li-nc.lion eftqufinpe produces .1 ftocond d.grtal sl«nc.l nl 0 cocond 
4<j rsTio. whcrcm said iranpm.ssicin (fiio is t)Ciiv«fiori .wid l<rsl rwio und swid sccoiicJ raie: and 

dolGciing <i daL^j sign>il m e«id cDmbinsd digivrtl signal. 

e. The m«.hod according lo ci«im 7. vvhorein said docod.r,g olep further domprisor, th?) 9.op ol 3onverl,r9 IhB rale Ol 
Sf saicf d3in siTjnitl lo »nid Urss nnd second rmoa. 

9 nu- method occftixllng ^o ctairr 6. vi+iorolr. s«ld convening slop oor.sitf.ls of burtsnng wod roclo^King said d&ia signal 
and two mulltploxiog s^id orthogonal (uocf ion f.t>que:ice8 corr&sportding lo said fiiiil and second raioci 
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10 Ttiti nolhcKi Jiocotalnp lO cL-iiir) 7 furih.-T compriRino Iho iicp ol iweivinti wilh said sproad spcclrum srtir'f I 
■ .nOkwiiioo of said rir&: and second orlhogonfil lur>c«tv. Sf;ciue:-.cc5. add (irsi £ind r.fcond r:Aicr. c.nd lh« «.nouni ol 
data uansrrJTicri M each ol saio Hr>M and bftcond fHicr, 

fi 11. A tneihoci c>i irf.nF-/nln.r.Q siqnai m » spicaci spectrum eommijnto^.iiof. -sys.cm. saio n.eiupcl compiicing «ho 
siepA or 

cncodinc) « rcm9ini.>g ponton ol &flicJ dal« f^innnl v>ri\h h second orihononal lunciion noquoncMO lorm 3 second 

frprOi'lCi signal m n occond r^ilc: >4nd 

time muUipIoxinr. r.flid lirsi and ei^cond sproad siqnwlo >0 ciC-hiowo o combniOd ?.p'».«d £K,n..l 4,1 « d«si.ed r.',1o 
;f bolwoftn said lirnl ralo and said tf'iCWid lale 

12. ThO molhod v,(X«.cii.-i9 .o cl,-..m n. whccin «.id orv.orlint, »opr, lurthc. <;o.,.p.-=«o .he «lop oi c.nnvnrtii.g mo r>,lo 
ol »fttci daifi 5i9n;il poriion& lo s^icJ tirfti cn'id Cior.ond ffjior* 

13, ThO momod to C.im 2 on.. whcro.n s.„d convertinc, a..p3 con.iol Of ''"''f:"^ ^^^^^^^ 

14 The method HC-r-orciinq 10 rtalm 1 orll , lurlhoi comprisinq iho Siopo: Urins^mUfma wild (.^iidcotT^incd spread Slgnnl 
ss- ol dai'i lfan«fTMlio<l ai oach ol t-'aid lirsl and second rates. 

15. A Ti^ceiver lor rccnivinc, spread .pcclruit. Signals e,i o ironr.n.>r....on r«,e in B comrr,unicalbn sysiom r.ompru-..ng' 

an orthOflonol lunciion decoder U>al cc.mI>ir^«s said r^coivod sio.oiid specirtjm sign»l with ^'"^"^^ 
JO a '.oeond orlhcqon^I k.nciion Hoquenoo lo produce a cornblnod dig-ial signal, whe'e... snid (.rol oihOflOr^..! 

ui^eu^tcquonl' prod.c^S « l.r:.. dig-^l s-flnwl H^ h Ihst rata ju^d .^>id sceond or.hOOonH. ,ur,cUon .cquencc 
prSr^; a ."«cond <i.c,.>«l =.9n«l Hi . second ,.lt«. wh.roin =..d lr«n.m..s.on r.-o be.vveen 3a.d f.r.t rr.lo 
p\ncl J5:M»d second Mie. rjnO 

16. The rocei.er ..cccdmpio claim 10. whcroin ^id k.ncl.on decode., convert, the rai. of .aid *ipnal 
lo ftFJid ^ircrt and i>ijcond rtHiea. 

1 7 The receiver «ceordmq .o «l«im 1 5. wherein ,oid orihogonul l.ncliondccodor incU-doe ^ ralD 

Ind ;orw^Klng^;>.id da.« s.pnal «nd :.mo mvU-plexind cstd onhogcoal function ««qu«nc« conosoondlng to ^-d 
lirci «nd second rwloa. 

incLlion ol s»id )i..l and r-oconri onhr.cjonnl tunrlion soauon.e.. s^W l.r.-« and .o.e.u1 r.,... nnd mo HrTK.un. Ol 
dalij IrHnsmillcd a each o1 said Brst and second r'^les. 
19. A m«tt.ed ol lr.n,n,.U.np spread .poc.r.m ^igr-al. >. dc=i,od r.ic In a commun.caiknn sys.«m. r,«.d rr,cthod 

co*Tipfl£inp tho Glop& ol: 

wlirroin ooid ««i onhoqonal funciion prr^uno. . l.rsi .p.«..:l s.pn.i i« f-l rate and ..id 
i.scond orthogonal lunetlon pr<:>diic&s a second sproad signal h\ « second rrjic, 

com&«iin9sata-tirr.(«ndr,ceondfprcac5.ignaMop.CKluce«conr,D.r>od 

ii^ildtirfil ^»nd second rfnes;:, «nO 

d&iermininc) ihc^ proporl.on o! said dal^ ir said con^bin^d aprcad .oqn^.! M Ur.l Hnd .^ocond raias. 
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20. Tho iTujlbod ^OJOiOiiig \o cl^iirr- 1 f?. whorcin said clelCfminincj aicp Jui'lbisr compnsie?: M'le ^tt^p o( iolvng ihe loliowtno 
cquriiion \o dcsiorrninf; the nurrtO«!T ol r,ymhols. Nl. to uansmii at srjd drsl rti!L\ R^. <tnci If^o numlrirrff -symbols. 



TO 



21 , A rnolhcxi ol u wnamiittnq ip/oricl f-poclrum clcjnnlc in a communictilton oyslom. uctict method coniprictrip ih o slops ol 

r5 oncodlng a cisitifi <;icjnal wiUi a tirc-i ;4nct -a ftf^cfjnri onhoc?an.-:il funclion scquonco to form fj 2p ftr»d siyncil. whCMoin 

p-fiiirllirfji orthogonQl lunoibn ptC7t<v*o«» w lirsi spread iiirinnl Ht .'=( firs-il f?4l<> and c^-Aicf oocond orthogonal lunciion 

lime muMiplcKtnp Rttjd lifAi and second Gprcrad atfsnal lO D'ocsuoe a mulliplexcd ppro^^o i ipn^I having n drjl.:* 
SO fMO hoiwften «tyK.f firsi and eoconrt r;ntos. 

22, Tl*>0 mtJlhod accordiriq lo claim 1 , wfierOtn 53(d limn multiplexinp $10p mainl^itnii anid orthoconr-ilrtv 

23, A mclhod of tronsmritinp SproSid £;peclmm sign^lR in r communicaiion cyclcm. caid molhod oon^priGing tho slops of. 

Gncodin9 a dala Gign;jl wlih tirsi and a r.ccanri orthogonal Hinciion $eque.nco Io (orm a cp;oad algoDl. whorGin 
s»ld tlr$i omoQOnfil funclion produces ci apieyd s)gnHl HI n hrsl rato ROrt r>aid second onhogonal (unction 
proctucefr H second spread Glgna! ai a aecond r.^ic; cn td 

.-to corribining liiud lirGl wnri SftCOnd spread cignnl Io EichiQVO €! daie rale llial is a rrjlionf-kl «CmIo l^-^cior combmBlion 

of ;^atd first nnd second r»lQ!t 

24, A c.prof3d spccirum daifj £:tqn&t chwrhciori/Rid in ihrit a MndwWlh cf r».aid aprcnd spocirum dm^t liipnal is any band- 
widlhthai 10 a riSi/onai Gcolo t&ciorOT Iwq ir»les fichiGvablo t>y ft ssysLcm generating t;aid apro^id ai^ccirum drttft rsipA»l. 

25, A spread spomfiim dciU-| sigrialchaiactorirod U^cit n\ le^^yl w portl'>n of fi chrann*?! defined by oHiOgonal spreading 
lunclions flnd Crip^ihio of aohievmj^ iwo dniFj ti^jies br. hme» mtHtiplaxcd Dctwoon GOid tw^ ci^j^a rifaos;. 
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WALSH CODES 

Wo: 1. 1. ^, 1. 1. 1. 1, 1. 1, 1 

1.-1. 1.-1. 1,-1, 1,-1, 1--1 

wj: 1. 1.-1.-1, 1, 1.-1.-1. 1. 1 

W3: 1.-1.-1, 1. 1.-1.-1. 1. 1.-1 

W4: 1. 1. 1. 1.-1, -1.-1,-1, 1. 1 

W5; 1,-1. 1,-1,-1. 1.-1. 1. 1,-1 

wg: 1. 1.^1. -1,-1.-1. 1. 1, 1. 1 

W7: 1.-1,-1, 1.-1. 1, 1.-1. 1.-1 



wio; 1, 1.-1,-1, 1, 1. -1.-1.-1, • 
w^2-. 1. "5. 1.-1,-1.-1.-1.-1. 

W14: 1. 1.-1,-1.-1.-1. 1. 1,-1. 
w^g: 1.-1,-1. 1.-1, 1. 1.-1,-1, 

FIG. 2 
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